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Diesel Particulate Filter

« Johnson Matthey Continuously
Regenerating Technology (CRT®)
Diesel Particulate Filter
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CRT System — Operating Principle
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CRT System - Operational Guidelines

 CRT system operating requirements

— Exhaust temp > 260°C for 40% of the
operating time

— Engine out NOx/PM ratio to be > 25,
o Operating Area | NN

50|

O
T 40]
= 30
3 x_
X ] ,
5 2 ]
Z 10 <€ Temperature
limit
O T T T
200 300 400 500 600

Temperature (°C)

IRty g Ry e me g nm a0 KR R ROe o L B AU



CRT System - Application Issues MK

e Low operating

temperature
— In retrofit, low 122221{“\ —
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3126 175 hp
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CRT System - Application Issues MK

* Engine out low NOx/PM ratio emissions

— 2.5 g/bhp-hr NOx engines can have
NOx/PM ratios that are < 20

— Older engines
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Possible Solutions

* Active regeneration of DPF system

— Actively Increase engine out exhaust temperature
to allow NO2 based regeneration

— Actively increase temperature to combust soot
with O2

 Enhanced passive regeneration of DPF
system

— Catalytically promote combustion of soot with NO2
at lower temperatures

— Promote the reuse NO/NO2 to combust soot In the
DPF
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Active Regeneration of Filter
System
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Potential Active Regeneration StrategiesyM&]

* (a) Moderate Temperature Regeneration (300-
3500C) with NO2
» Air Restriction
* Fuel Injection
» Takes relatively long time (lower soot burn rate)
* More frequent on-set or longer operation
« Safe strategy

e (b) High Temperature Regeneration (550-6000C)
with O2

» Fuel injection

* Burner

» Rapid regeneration

» Less frequent on-set

» Potential risk of filter damage from exotherm
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Active Regeneration:
Cold Temperature Applications
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Active Regeneration Methods Using Air

Restriction
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Increase in Turbo Out Exhaust Temperature @

with Intake Throttle FTP Testing on MACK E7 Engine
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Effect of Intake Throttle on Engine Emissions

FTP Testing on MACK E7 Engine

Final FTP Results with Throttle
MACK E7 Engine

7
NOx/PM Ratios
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Active Regeneration of CRT with Intake M)
Throttle System

e Mack trash truck
with Hell body

— 2000 MY
— Engine E7

— 12 liter in-line 6
cylinder rated at
300 hp at 1950
rpm

Intake Throttle Valve
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Throttle System Performance — Significant

Increase in Temp Profile

NYDOS Truck (Mack Powered)
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Throttle System Performance — Stable Peak

Backpressure with CRT

Peak Pressure NYDOS Truck 25CW027
Intake Trottle + CRT
MACK E7 300 hp

Back Pressure (in Hg)

U 1 I ¥ ) 1 1 1 L 1
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Date
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Active Regeneration:
Low NOx/PM applications
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Active Regeneration with Fuel Injection

Engine information
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Active Regeneration of CRT Using

Fuel Injection
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Active Regeneration of CRT with Fuel

Injection System
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Active Regeneration of CRT with Fuel

Injection System
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CCRT™ Filter System with
Passive Regeneration
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CCRT™ —_ An Advanced CRT for V¥ 0%

Challenging Applications

e CCRT =DOC + Catalyzed Filter

e Advantages of CCRT:
— Higher soot burn rate than CRT or CSF

 Install in Challenging Applications
— Low temperature applications (200 — 2500C)
— Low NOx/PM applications (NOx/PM>15)

Even at low CSF loadings, we see improved
performance with the CCRT

Successfully demonstrated in field trials in the
US, Europe and Asia
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CCRT System — Operating PrincipleM&
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CRT Versus CCRT Stablilization Comparison

FTP Cycle, NOX/PM = 14
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Soot Burn Rate Comparison for CRT and CC@E

Transient Cycle Testing, NOx/PM = 15

Engine Out Soot =20 g/h
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CCRT Field Operation:

Cold Temperature Applications
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BacK Pressure (in Hg)

CCRT Experience on Low-Temperature School Bus IMIE

Boston School Bus with 175-hp 2000 MY CAT 3126 Engine

Daily Pressures on Boston School Bus 006
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CCRT Experience on Low-Temperature Delivery Truc

Yosemite Water Truck with 190-hp Intl DT466 Engine, FT Fuel
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£ sao0 | toow o ®13% of time Temp > 260 C
707 [ 5 *CCRT operating with very
§ 300 o F stable back pressure since

2700 + t 30% J an 2003

1800 + | 200
&
900 + L 10%
0 4 ] R e R e S 0%
0 100 125 150 175 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 375 400 425 450 475 500 B
Temperature (C)

[0}
i

B e e jmhg)
=

Bl

3
[Fipi L] {[-tEe] sEeRd 14 BT AT FTHT [EEHLE 1% ol it R
[E L]

IRty g Ry e me g nm a0 KR R ROe o L B AU



Chassis Dyno Emission Results

2001 International DT466 190hp, CCRT with FT fuel
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CCRT Installed on NY City Trash Trucks with

Mack E 7 Engine — Very Cold Operating Temp.
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Stable Operation of CCRT on NY City Trash

Truck with MACK E7 Engine

Peak Pressure on MACK DOS Truck 25CW-316
2/5/04 to 8/5//04

Back Pressure (in Hy)
LA

2 *CCRTSs operating o
with very stable back
pressure since

1 installation in Dec —
2003
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CCRT Field Operation:
Low NOx/PM Applications
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CCRT Benefit over CRT on Low-NOx/PM Engine M)

8-L Engine 10.5 x 12 CCRT

e Under FTP NOx/PM = 30 *Exhaust Temperature 40%
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CCRT Benefit over CRT on Old, High-PM Engine M)

California School Bus with 2-Stroke Engine

| *Warm Exhaust

] Temperature Profile;

| 40°% time Temp > 270 C
- "; *NOX/PM < 20

*

=&
o]

Y
v ]

=&
)

=
o]

=k
ch

ey
=9

—x
[4]

==
(%]

=
=i

w0

3

Peak Back Pressure {in Hg)
=

: * F Y r

. ;,_ 3 & 3EEEY ¢
i :n‘-ﬂqhh

3- ab & - |

2

1

0

119/01 320001 5M19/01  7/M18/01  9M6/01  11/15/01  1/14/02  3/15/02  5/14/02  T7/113/02
Date

N Ty T o Pl IR, o5t $g,08e,00 Heee 8, 0,0, en 700 o,



Conclusions

 Low temperature and low NOx/PM ratio engine - challenging applications for
DPF installation

« However, advanced DPF systems utilizing active and passive regeneration
strategies can be successfully used in challenging applications

» Successful active regeneration systems include air restriction and fuel
injection methods

* But, complexities with active regeneration systems; Fuel penalty, higher cost

« CCRT with advanced passive regeneration strategy has been demonstrated
to be successful in such challenging applications

e CCRT can work:
— T40% @ 200 -210C
— NOXx/PM > 15
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